During the course of certain studies of the various factors of acid excretion, 1 24 hour samples of urine from several normal and pathological subjects which were ex~rnlned demonstrated that, in the absence of #-hydroxybutyric acid, the hydrogen ion concentration and titratable acidity are due largely to the ratio between acid and basic phosphates. Although in the main this hypothesis was quite well supported in the twenty-three samples analyzed, in one fatal case of pneumonia, over 60 per cent of the titratable acid could not be accounted for by the phosphates. This observation led to a more extended investigation of acidosis and acid excretion in acute lobar pneumonia, the results of which are presented in this paper.
During the course of certain studies of the various factors of acid excretion, 1 24 hour samples of urine from several normal and pathological subjects which were ex~rnlned demonstrated that, in the absence of #-hydroxybutyric acid, the hydrogen ion concentration and titratable acidity are due largely to the ratio between acid and basic phosphates. Although in the main this hypothesis was quite well supported in the twenty-three samples analyzed, in one fatal case of pneumonia, over 60 per cent of the titratable acid could not be accounted for by the phosphates. This observation led to a more extended investigation of acidosis and acid excretion in acute lobar pneumonia, the results of which are presented in this paper.
There exists certain evidence which supports the idea that the metabolism during the febrile stage of pneumonia results in the production of considerable amounts of acid substances. Increased ammonia and titratable acid in the urine have been observed. Diminished carbon dioxide in the blood has been reported by several observers, notably by Peabody ~ who reviews the literature of the subject. Recently Lewis 8 has found the blood of patients with pneumonia to have a decreased affinity for oxygen, a characteristic of acidosis. Palmer and Henderson 4 noticed that during the fastigium of the disease larger amounts of sodium bicarbonate by mouth were necessary to reduce the acidity of the urine than is normally the case. Such facts as these, increased ammonia and acid excretion, low carbon dioxide in the blood, diminished afSn~ty of the blood for oxygen, and retention of large amounts of alkali, indicate an excessive acid production during the febrile stage of the disease.
The several factors determined in the urine were the hydrogen ion concentration by the colorimetric method previously described, 5 titratable acidity by the method to be described presently, ammonia by Folin and Macallum's method, 8 and the total phosphates by the uranium acetate method. The combined carbon dioxide in the plasma was determined by the Van Slyke-Stillman-Cullen method! As the method of titrating the urine has been modified for a special purpose and, so far as known, has not been used before, it will be described in detail. In the earlier part of the work the method as described by Henderson and Palmer I was used, but on account of the .variation in the hydrogen ion concentration of the urine and because of the especial interest in the fluctuation in the difference between the total titratable acidity and the phosphate acidity of the urine, it seemed desirable to determine the titratable acidity between two fixed reactions, or in other words to estimate the quantity of acid or base involved in a specified change of hydrogen ion concentration at a level which is a function of the acids in question. By doing this it is possible to compare these differences at a fixed hydrogen ion concentration.
The hydrogen ion concentration 8 of 5.0 was selected as the acid endpoint because most acid urines in pneumonia, while not infrequently reaching this degree of acidity, seldom exceed it. The hydrogen ion concentration of 7.4 as the neutral point was for obvious reasons retained as in the titration previously described. Two titrations are necessary and are carried out as follows: 10 cc. of a 0.1 molal solution of monopotassium phosphate, 4 parts, and disodium phosphate, 25 parts b Henderson and Palmer, J. Biol. Chem., 1912 -13, xiii, 393. 6 Folin, O., and Macallurn, A. B., J. Biol. Chera., 1912 , xl, 523. r Van Slyke, D. D., Stillman, E., and Cullen, G. E., Proc. Soc. Exp. Biol. and Med., 1914 8 Throughout this paper the hydrogen ion concentration has been expressed by the negative exponent of the hydrogen ion concentration, that is, SSrensen's pH. The minus sign is omitted for convenience; for example, a hydrogen ion concentration of 5 means a pH of 5 or an H + of 10 -5. It should be remembered that an actual increase in hydrogen ion concentration is indicated by a decrease in this exponential figure.
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(fielding a hydrogen ion concentration of 7.4) are introduced into a 250 cc. flask, diluted to 250 cc. with distilled water, and 0.29 cc. of a 1 per cent'aqueous solution of neutral red is added. 10 cc. of urine are similarly diluted, neutral red is added, and 0.1 N sodium hydrate is run in until the color matches that of the phosphate solution. The second part of the titration is accomplished by introducing 10 cc. of a 0.14 molal solution of acetic acid, 23 parts, and sodium acetate, 46 parts (yielding a hydrogen ion concentration of 5.0) into a 250 cc. flask, diluted to 250 cc. with distilled water, and five drops of a 1 per cent aqueous solution of sodium alizarin sulfonate are added. 10 cc. of urine are similarly diluted, sodium alizarin sulfonate is added, and 0.1 N hydrochloric acid run in until the color matches that of the acetic acid-sodium acetate solution. In matching the color of the alizarin solutions, especially when the urine is highly colored, it has been found desirable to place a flask containing 10 cc. of urine diluted as for titration but without indicator, behind the flask containing the standard acetic acid-sodium acetate solution with indicator. Also a flask with distilled water is similarly placed back of the urinary sample which is being titrated. The titration must be carried out in front of a window with good light. The fitratable acidity in 0.1 N cc. between the hydrogen ion concentration of 5.0 and the hydrogen ion concentration of 7.4 is the sum of these two titrations.
With the above data available, it is possible to compare the actual titratable acidity with that which the phosphates alone would give. The calculation of the part of the phosphates is simple. In the HA equilibrium 1° H + ---K X ~ approximately, where H + is the hydrogen ion concentration, K the ionization constant k for the acid divided by a, the degree of ionization of the salt of the acid, HA the undissociated acid, and BA the salt of the acid, H + is determined and K HA is known, hence B-~ may be easily calculated; and if the total phos-9 It has been found convenient and satisfactory to use a dropping bottle for adding the indicator. Care should always be taken to add the same size and number of drops to standard and urine samples. Three to five drops are sufficient.
10 Henderson, L. J., Am. J. Physiol., 1908, xxi, 427 .
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phates are known the amount of HA and BA can be estimated, Reference to SSrensen's measurements shows that this titration is sufficiently accurate within the ranges of hydrogen ion concentration involved in the present investigation. It is appreciated, however, that the presence of electrolytes and variation in the concentration of the urine combine to decrease the accuracy of the titration but not to a degree sufficient to alter the conclusions reached. An example of the calculation follows.
T~e pH = 5.3 or H + = 50 × 10 -7, titratable acidity amounts to 200 cc. 0.1 N acid, total phosphates in terms of phosphorus pentoxide is 1.0 gin. When the acid is monobasic phosphate K = 2.5 × 10 -~. We have then, from the HA HA 20 above equilibrium, 50 × 10 -~ = 2.5 × 10 -~ × ~-~, whence B---A = T; that is, 96 per cent of the phosphate exists as the monobasic phosphate. 1 gm. of phosphorus pentoxide corresponds to 141 cc. of 0.1 N monobasic phosphate. Hence in a mixture of mono-and dibasic phosphates containing 1.0 gm. of phosphorus pentoxide and having a hydrogen ion concentration of 5.3, 135 cc. exist as the acid and 6 cc. in the basic form. As our method of titrating the urine carries MH2PO, the reaction to a hydrogen ion concentration of 7.4 or when the ratio ---4 M~HPO4 2-5' 14 per cent of the phosphate is in the acid form, then the per cent of the acid phosphate which actually takes part in the titration from a hydrogen ion concentration of 5.3 to a hydrogen ion concentration of 7.4 is 96 -14 or 82 per cent. Hence 82 per cent of 141 cc. amounts to ll5 cc. and the difference between the actual acidity and acidity calculated from the phosphates is 200 -115 or 85 cc.
This difference is probably due largely to free organic acids and will be so designated in the discussion following. In Table I the percentage of acid phosphate for any hydrogen ion concentration between 5.0 and 7.4 has been computed, as well as the amounts of acid phosphate entering into the titration between any hydrogen ion concentration within these limits and 7.4. For a preliminary survey 24 hour samples of fresh urine from six normal individuals and seventeen cases representing a wide variety of pathological conditions selected from the medical wards of the Massachusetts General Hospital were examined, the results of which appear in Table II .
Case 15 stands out very prominently with 323 cc. of 0.1 N free organic acid, while of the remaining cases 10 showed less than 50 cc., 7 less than 100 cc., 4 less than 150 cc., and 1 normal individual showed as much as 187 cc. It is possible that the high value in Case 6 may be explained partly by the high hydrogen ion concentration and party by the size of the individual, or, indeed, by a possible abnormality in metabolism. Cases 16 and 23 had high temperatures but showed only small amounts of free organic acid when compared with the total acidity. The ammonia excretion in Case 15 is the highest in the series but is not excessive. Normal Individuals.--Four normal subjects of widely varying weights were examined. Very little difference between the individuals was found, hence only one of the protocols is given (Table III) . There is considerable variation in the amounts of free organic acid both when calculated from the hydrogen ion concentration at which the urine was passed and when estimated at the hydrogen ion concentration of 5.0. The hydrogen ion concentration of the case selected varies very little although the free organic acid varies considerably. In general, as the hydrogen ion concentration increases in value, that is, as the urine becomes more alkaline, the amount of organic acid present in the free state is less. On the other hand, as the reaction approaches a hydrogen ion concentration of 5.0 the organic acid fraction increases very rapidly.
Individuals with Acute Lobar Pneumonia.--In all, thirty cases of acute lobar pneumonia, involving the analysis of 325 24 hour samples of urine, were studied. It is not necessary to report in detail all of the protocols of the series. Certain cases have been selected as representative of the various conditions found in the group (Tables  IV, V , VI, VII, and VIII). In general it may be said that the more severe the intoxication the greater the amounts of free organic acid at the hydrogen ion concentration of 5.0 which are present. The type of organism n was determined in twenty-three of the cases, showing 4 zt Dochez, A. R., and Gillespie, L. J., J. Am. Med. Assn., 1913, lxi, 727. with Type I, 11 with Type II, 4 w i t h T y p e III, and 4 with Type IV.
One of the four with Type I infection showed an increase in the free organic acid but in small amount only. In six of the Type II group there was a very marked increase, in three a moderate increase of the free organic acid, while two were without any significant change. There was no increase in the acid excretion in any of the Type III cases. This fmding is not what might be expected a priori because this type of infection has proved to have the highest mortality of all, 50 per cent of the cases being fatal. One of the group studied died, t h e protocol of whom is given in Table V . Two of the Type IV cases showed some increase in the free organic acid excretion; the others did not.
The case reported in Table IV was chosen as an example of those individuals who showed no particular signs of either acidosis or increase in acid excretion from the laboratory or clinical standpoint. Tile total amount of acid excreted is not excessive; although the ammonia excretion on the 6th and 7th days of the disease just before the crisis is greater than on the days following, it is not large. At no time is the combined carbon dioxide of the plasma below normal. The lower limit of normal given by Van Slyke, Stillman, and Cullen is 55 volume per cent, which corresponds to an alveolar air of about 38 ram. carbon dioxide tension. The acidity of the urine fell at the time of the crisis, and this occurred in most of the cases having a definite crisis.
The protocol of a fatal case appearing in Table V is given to illustrate the unexpected finding in the Type III infection. Although the intoxication in this infection was very great, there was no marked increase in the free organic acid nor was there any other evidence of acid intoxication. The ammonia and acid excretion, as well as the combined carbon dioxide in the plasma, were well within normal limits.
In Table VI are given the data of a case with Type II infection which is a fair example of what frequently occurs in the more severe infections.
At the time of the crisis the amounts of acid not accounted for by the phosphates fall off and quite regularly during convalescence Beginning of serum disease. * This case was followed for a week longer but as there was nothing of note in the data, they are not given. 504 
Remarks.
Died 2 days later.
keep within normal limits. Early in the investigation before the free organic acid fraction was compared at the fixed point of pH = 5.0, this remarkable decrease was somewhat misleading due to the fact that the hydrogen ion concentration of the urine changed to the nearly neutral point at the crisis. On the 7th day of the disease the free organic acid excreted in 24 hours amounted to 760 cc., while in the days following the limits ¢¢ere between 220 and 351 cc. There was also a marked increase in the ammonia excretion, amounting to 2,050 cc. on the 7th day, rapidly coming down to normal values there is seldom a severe grade of acidosis as estimated by the amount of combined carbon dioxide in the plasma. The nature and biological importance of this organic acid are not without interest. Certain possibilities are suggested. Because of its prevalence in many conditions where there is abnormal metabolism, /~-hydroxybutyric acid was searched for, although all specimens examined had a negative or at most a very faint ferric chloride reaction. The ionization constant of ~-hydroxybutyric acid is 2 × 10 -5, therefore one-third of the acid is free in a urine with a hydrogen ion concentration of 5.0. Quantitative estimates revealed insignificant amounts. This is not surprising when one considers, for instance, that in Table VI on the 7th day of the disease the acid unaccounted for amounts to 760 cc. and if it were all due to/3-hydroxybutyric acid there would be present a total of 24 gm. of the acid, an amount which is seldom encountered except in the more severe grades of acidosis in diabetes. Hippuric acid with an ionization constant of 2.2 × 10 -4, acetoacetic acid with an ionization constant of 1.5 × 10 -4, and lactic acid with an ionization constant of 1.4 × 10 -4 whereby only 5 to 7 per cent of an acid can exist free at a hydrogen ion concentration of 5.0 could hardly be expected to account for any considerable quantities of free organic acid. Acetic acid, the ionization constant of which is 1.9 × 10 -5, exists about one-third free at a hydrogen ion concentration of 5.0, hence it becomes a possibility. While uric acid with an ionization constant of 1.5 × 10 -6 may be 87 per cent free at a hydrogen ion concentration of 5.0, the total amount of this substance is easily estimated and has never been found to account for more than a few cubic centimeters of the free acid. Nor can the conjugated sulfuric acid be responsible for any large quantities as shown by several ethereal sulfate determinations. The oxy-and other less well known acids are possibilities, but as their ionization constants are not known nothing definite can be stated about them. In Table VIII the acid is apparently a fairly strong one as shown by the high ammonia without much free acid or high total phosphates.
As it has been shown that normally at a hydrogen ion concentration of 5.0 there exists a certain titratable acidity that cannot be accounted for by the phosphates, it is possible that the increase in this value during pneumonia may be due simply to an increase of a normal constituent of the urine. On the other hand, the possibility of abnormal oxidation products leads one to suspect that there may exist some pathological substances to account for the phenomenon and this in part has been borne out by our investigation. If this is the case, its part, if any, in the intoxication encountered in the disease is of much interest. Considerable investigation of the nature and significance of the increase in the free organic acid production of the urine during pneumonia has been carried out, and will form the subject of a future communication.
SUMMARY.
There is excreted in the urine of subjects ill with acute lobar pneumonia a large amount of organic acid which is free at a hydrogen ion concentration of 5.0.
Acidosis as determined by the combined carbon dioxide in the plasma is seldom, if ever, severe.
